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Tuesday, February 23, 2010 501aclathrin heavy chain. This self-assembling fragment is the central portion or
Hub of the three-legged clathrin triskelion. Previous studies have suggested
that assembly interactions between Hub legs display micromolar affinity
and likely involve hydrophobic interactions, though assembly is modulated
by a pH-sensitive salt bridge. The studies to be reported investigated whether
mid-infrared spectroscopy of Hubs in solutions and also in a controlled hu-
midity environment can be used to establish additional features of Hub self-
assembly and potentially as a dynamic monitor of clathrin assembly. Compar-
ison of spectra generated from assembled and disassembled clathrin revealed
that hydration plays a role in assembly and that several absorption bands
(1117 and 1220 wavenumbers) were present in assembled hubs that were ab-
sent in unassembled hubs. Such spectra were obtained on a Bruker 66v/S.
Spectra generated during assembly suggested that a decrease in random coil
and an increase in alpha helical content occur during Hub assembly, indicative
of increased thermodynamic stability achieved during lattice formation. (Pre-
liminary Raman data was also obtained from assembled Hubs.) These results
demonstrate that analysis of Hub behavior in the infrared can be informative
about the dynamics of clathrin self-assembly and suggest infrared spectros-
copy as a novel approach to understanding the molecular details of clathrin-
coated vesicle formation.
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Treatment of patients with CCK2 receptor antagonists potentiates pain relief in-
duced by mu-opioid (MOP) agonists. In attempt to enhance this effect with
a single bivalent ligand, we connected pharmacophores of non-peptidyl
CCK2 receptor antagonist and MOP receptor agonist with a spacer. Spacer
length of 16-21 atoms was consistent with simultaneous binding to both recep-
tors, however provided no advantage in biological activity from that of two in-
dividual ligands (J Med Chem, 2009). Here, we extend this to examine effects
of ligand tethering on receptor regulation. We prepared a series of CHO cell
lines stably expressing yellow fluorescent protein (YFP)-tagged single receptor
constructs or both of these receptors tagged with half of YFP (YN attached to
one receptor and YC attached to the other). The YFP halves were not fluores-
cent until brought into spatial approximation to reconstitute YFP. These recep-
tors bound their specific ligands effectively. The MOP agonist signaled nor-
mally and resulted in MOP receptor internalization. The CCK2 receptor
antagonist did not stimulate receptor internalization. In the dual receptor-ex-
pressing cell line, bivalent ligands capable of binding both receptors simulta-
neously effected YFP fluorescence at the cell surface, and this signal internal-
ized in a time- and temperature-dependent manner. Bivalent ligands with
spacer arms too short to occupy both receptors simultaneously did not result
in such a signal. Thus, a bivalent ligand is able to stimulate the association
of two non-spontaneously-dimerizing receptors on the cell surface, and both
of these receptors are internalized in response to binding a ligand of one recep-
tor that stimulates internalization. Tethering provides a mechanism for drag-
ging other surface molecules into the endocytic pathway.
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Monoamine neurotransmitters including dopamine, norepinephrine and seroto-
nin are involved in a number of vital functions, including the control of move-
ment, attention, motivation, emotional state, learning, and memory. The role of
dopamine in reward requires the release of more dopamine in response to re-
ward-relevant burst firing than to the single action potentials of background
pacemaking activity. We have developed a new reporter, VMAT2-pHluorin
to follow vesicular recycling required for dopamine release. We used the vesic-
ular monoamine transporter VMAT2 and the vesicular glutamate transporter
VGLUT1 to compare the localization and recycling of synaptic vesicles that
store monoamines and glutamate, and observed several surprising differences.
First, VMAT2 segregates partially from VGLUT1 in the dopaminergic synap-
ses, but not in glutamatergic neurons. Second, post- stimulus endocytosis is
slower for VMAT2 than VGLUT1 in both cell populations. During the stimu-lus, however, the endocytosis of VMAT2 accelerates dramatically in dopamine
neurons, indicating a novel mechanism to sustain high rates of release. Further-
more, we find that in both cell types, a substantially smaller proportion of
VMAT2 than VGLUT1 is available for evoked release. VMAT2 also shows
considerably more dispersion along the processes after exocytosis than
VGLUT1. Even when expressed in the same cell type, the vesicular trans-
porters select distinct pathways for the recycling of synaptic vesicles that re-
lease dopamine and glutamate.
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The myelin sheath is composed of around 80% lipids including cholesterol,
phospholipids, sphingomyelin, cerebroside sulfate and cerebrosides, and in
smaller proportions, ceramides and glycerophosphatides. During pathological
processes inside the central nervous system (CNS), the damage of this axonal
insulation may expose the surrounding glial cells to lipid aggregates that result
from this demyelination process. Indeed, microglia, considered to function as
the local macrophages, can phagocyte myelin and cell detritus. Human astro-
cytes are another key example of glial cells where uptake of myelin debris
may take place. Astrocytes are key regulators of several neuronal protective
mechanisms, but they are also involved in the pathogenesis of certain autoim-
mune and inflammatory CNS diseases. Aiming to probe the behavior of human
astrocytes exposed to different myelin lipids, we monitor the dynamics of lipid
vesicle uptake by culture cells, and explore how varying specific myelin lipid
components regulate the uptake kinetics and cell viability. A human astrocyte
cell line obtained from a glioblastoma is used for all the experiments. Cells are
exposed to NBD-PE or calcein labeled 50 nm small unilamellar vesicles
(SUVs) of various lipid compositions reflecting various combinations of the
myelin lipid components. Vesicle uptake is then monitored through fluores-
cence spectroscopy at different time points. Significant uptake is observed
within 30 minutes, reaching saturation levels around 2 hours. These results
are corroborated through flow cytometry, where astrocyte fluorescence stabi-
lizes at around 2 hours. Additionally, we observe the presence of a smaller pop-
ulation of scatter cells thatshowed higher liposome uptake. Finally, by using
fluorescence/DIC microscopy, liposomes are found to spread in the astrocyte
cytoplasm after 4 hours of incubations. Interestingly, crowding of liposomes
around the nucleus is observed after 12 hours of incubation, suggesting a sorting
mechanism to be determined.2600-Pos
Atomistic and Continuum Modeling of Cellular Uptake of Nanotubes
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Most viruses and bioparticles endocytosed by cells have characteristic sizes in
the range of tens to hundreds of nanometers. Recent experimental observations
have shown that nanoparticles such as carbon nanotubes (CNT) can enter
animal cells. The process of viruses and nanoparticles entering and leaving
animal cells is thought to be mediated by the binding interaction between
ligand molecules on the viral capid and their receptor molecules on the cell
membrane. Here we conduct coarse grained molecular dynamics and theoreti-
cal studies of the intrinsic interaction mechanisms of nanoparticles and viruses
of different shapes and sizes with a lipid bilayer [1-3]. Theoretical models
are proposed to explain the observed size and shape effects in various entry
mechanisms.
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Cystic fibrosis (CF) is a monogenic autosomal recessive disease caused by mu-
tation in the cystic fibrosis gene that encodes the cystic fibrosis transmembrane
conductance regulator (CFTR), which is an ion-channel that conducts nega-
tively charged chloride ions. Cystic fibrosis related diabetes (CFRD) is the
leading complication of CF and exocrine pancreatic dysfunction affects
~85% of patients. Recently, it was discovered that rat a-cells and b-cells in
the islets of Langerhans express both CFTR mRNA and protein. The aim of
this study was to investigate the presence of active CFTR channels in pancre-
atic b-cells and if these influence insulin secretion. For this purpose we have
used the patch-clamp technique and capacitance measurements on single
mouse b-cells and insulin secretion measurements using RIA. First we mea-
sured the presence of CFTR in b-cells using the patch-clamp technique.
A membrane conductance of 0.05 5 0.01 nS/pF (n=10) and 1.05 5
0.22 nS/pF at negative and positive potentials, respectively, was activated by
the cAMP-increasing agent forskolin. The conductance was significantly re-
duced (P<0.001) and the current almost totally inhibited in the presence of
10 mM of the CFTR-antagonist, CFTRinh-172. Glucose-stimulated and
cAMP-amplified insulin secretion measured on islets was not reduced using
this concentration although there was a tendency towards reduction. Moreover,
exocytosis elicited by a train of ten membrane depolarisations and measured as
an increase in membrane capacitance on single b-cells was significantly re-
duced by 70 5 10% (P<0.01, n=9) in the presence of 10 mM CFTRinh-172.
We conclude that active CFTR is present in mouse pancreatic b-cells and
that it has a crucial role in exocytosis of secretory granules in the b-cells.
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Excitability of the axons and nerve terminals in the mammalian neurohypoph-
ysis strongly depends on the temporal pattern and intensity of stimulation.
Within a given stimulus train, excitability tends to facilitate initially and begins
to depress significantly during persistent stimulation. In this work we present
both experimental evidence and numerical simulations indicating that depres-
sion of neurohypophysial excitability is dominated by activity-dependent po-
tassium accumulation.
Using high speed optical recordings and fast potentiometric dyes (di-4-
ANEPPDHQ), we monitored the tissue-averaged changes in excitability of
the intact neurohypophysis during trains of action potentials. We examined
the effects of three interventions, each supporting the potassium accumulation
model. First, we increased and decreased the potassium concentration of the
bathing solution. At low [Kþ], the depression was diminished, and at higher
[Kþ], the depression was more prominent. By bathing the preparation in a hy-
pertonic saline solution, we examined the effect of increased interstitial space
on the modulation. With a greater volume into which the potassium dilutes,
depression was noticeably reduced. Finally, we applied ouabain to inhibit the
Naþ / Kþ pumps. The reduced ability to clear accumulating potassium resulted
in increased depression.
Potassium accumulation also resulted in changes to the waveform of the
optically recorded action potential. Aside from the net loss of AP amplitude
within a train of stimuli, the AP after-hyperpolarization vanishes and the ac-
tion potential broadens. Numerical simulations of the effects of Kþ accumula-
tion on action potential waveforms, using established properties for neurohypo-
physial Naþ and Kþ ion channels, reproduced the experimentally observed
behavior.2603-Pos
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The human respiratory tract is continuously exposed to bacteria, dust and other
airborne particle. Under normal conditions mucociliary transport (MCT) effi-
ciently remove inhaled airborne particles from the airway. An additional airway
defense mechanism is the presence of a family of antimicrobial peptides called
cathelicidins. These peptides are known to be secreted by a variety of cells in-
cluding neutrophils, acinae, and goblet cells. Cathelicidin LL37/hCAP18 has
been shown to be expressed in the airway epithelium, however its storage
and release have not been investigated (Proc. Natl. Acad. Sci. USA, 1998,
95:9541-9546).
While held inside the granule secretory products (SP) are caged in condensed
polyanionic matrixes, including chromogranin, heparine, mucin, secretogra-
nins, etc. Upon exocytosis the secretory matrix swells allowing SP to freely dif-
fuse to the extracellular space (Biophys. J. 1991, 59: 1022-1027). In goblet cells
SP are stored in a mucin matrix. Postexocytic swelling, driven by Naþ/Ca2þ ion
exchange results in the formation of the mucus gel and the release SP stored in
the mucin granule (Ann Rev. Physiol. 1990, 52: 157-176).
Airway infection, a hallmark among prevalent respiratory inflammatory dis-
eases, includingCOPDandCystic Fibrosis (CF), is consistently associated to de-
fective hydration of mucus. Here we test the hypothesis that cathelicidin LL37/
hCAP18 is stored in goblet cell granules and that defectivemucus hydration hin-
ders release of LL37/hCAP18 from the mucus gel. Preliminary results show that
retarded swelling kinetics and decreased equilibrium hydration of mucus by de-
creasing extracellular [Naþ]/[Ca2þ] results in failure to uncage LL37/hCAP18
from the mucin network. Supported by NSF grant # 0120579 to PV.
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The roles played by lipids in endocytic processes are the subject of much on-
going debate. Using electrophysiological, optical, and ultrastructural methods,
we describe massive endocytosis (MEND) of >50% of the plasmalemma in
response to perturbing the outer plasmalemma monolayer of fibroblasts and
cardiac myocytes by multiple means. Extracellular application of a bacterial
sphingomyelinase causes MEND within seconds, and similar responses occur
with the nonionic detergents, Triton X-100 and NP-40, proapoptotic drugs
(e.g. edelfosine and tamoxifen), and an amphipathic phospholipase inhibitor,
U73122. At the concentrations employed, the effective agents do not cause
membrane permeability changes, and they are inactive from the cytoplasmic
side. Ca transients that do not cause MEND decrease markedly the threshold
concentrations of amphipaths that cause MEND, perhaps by generating a lipid
catalyst of MEND. Noise analysis of NP-40 records suggests that the average
vesicle size is initially small (<100nm). However, internalized vesicles evi-
dently fuse rapidly, as horseradish peroxidase is found within seconds in large
vacuoles and multi-lamellar bodies. These MEND responses do not require
cytoplasmic ATP, Ca, or dynamins, and they can be repeated multiple times
with reversal taking place over several minutes in the presence of ATP. For
nonionic detergents, ongoing MEND stops within 2 to 4 seconds when deter-
gent is removed. For dodecylsulfate and dodecylglucoside, MEND occurs
only after detergent removal. These results suggest that endocytosis can be
driven primarily by lipidic forces, possibly by lipid and protein partitioning
into domains that pinch off to the cytoplasm as a result of line tension to their
surround.
